
 
http://www.jscdss.com 
Vol.12 No.6 December 2025: 1-7 

Article history: 
Accepted 24 October 2025 
Published online 24 October 2025 

Journal of Soft Computing and Decision Support 
Systems  

 

 

 

 

 

 

 

 

Deep Learning: Foundations, Architectures, and Applications 
 

Mehrbakhsh Nilashi 1,* 

 
1 UCSI Graduate Business School, UCSI University, No. 1 Jalan Menara Gading, UCSI Heights, 56000, Cheras, Kuala 

Lumpur, Malaysia 

 

* Corresponding author email address: nilashidotnet@hotmail.com  

Abstract 

Deep learning is a specialized branch of machine learning characterized by neural networks with multiple layers of 

representation. By automatically learning hierarchical features from large datasets, deep learning models achieve state-of-the-

art performance on tasks such as image recognition, speech understanding, and language processing. This paper provides an 

overview of deep learning concepts, including neural network structure and training, common model architectures, and their 

key differences from traditional machine learning. We discuss practical considerations in building deep models and highlight 

major application domains where deep learning has had significant impact. Overall, deep learning’s ability to capture complex 

patterns makes it a central technology in modern AI, enabling tasks previously out of reach for classical algorithms. 
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1. Introduction 

Deep learning has revolutionized artificial intelligence in the past decade. It refers to machine learning models based on deep 

neural networks – networks with many layers of interconnected nodes (neurons) that learn multiple levels of representation 

from data [1]. A classic definition describes deep learning as “a sub-field of machine learning that is based on learning several 

levels of representations, corresponding to a hierarchy of features or concepts” [1]. In practice, this means that deep networks 

can ingest raw input (such as pixels or audio waveforms) and automatically discover layered features ranging from low-level 

(edges, textures) to high-level (objects, phonemes) without manual engineering. 

The rise of deep learning has been driven by three key factors: large amounts of labeled data, high-performance computing 

(especially GPUs), and algorithmic innovations [2]. In fields like computer vision and speech, public datasets (e.g. ImageNet) 

provide millions of examples, allowing neural networks to train with unprecedented scale. At the same time, GPU 

accelerators—with their parallel architecture—accelerate the matrix computations at the core of neural networks, reducing 

training times from weeks to hours. Algorithmic breakthroughs (such as improved activation functions, optimizers, and network 

designs) have further enhanced deep networks’ ability to converge on complex tasks. The combination of these factors has 

enabled models that often exceed human-level accuracy, for instance on image classification and certain language tasks [3]. 

Deep learning is properly seen as a subset of machine learning, which itself is a subset of artificial intelligence. Traditional 

machine learning methods (like neuro-fuzzy [4-24], clustering [12, 25-29], decision trees [30-33], SVMs [34], etc.) rely on 

hand-crafted features and simpler model structures. In contrast, deep learning automates feature extraction and uses many-

layered models to capture intricate patterns. In this paper, we focus on deep learning’s principles and applications; comparisons 

to other AI techniques are made as needed to highlight deep learning’s advantages and requirements. 

 

How Does Deep Learning Work? 

At its core, a deep learning model is an Artificial Neural Network (ANN) [35] inspired by the human brain. An ANN consists 

of layers of interconnected computational units (neurons), each performing a weighted sum of its inputs followed by a nonlinear 

activation. A simple network has an input layer, one or more hidden layers, and an output layer. In deep learning, the term 

“deep” implies multiple hidden layers. These layers allow the model to learn hierarchical representations of data: early layers 

capture simple features, while deeper layers combine these into complex patterns [1, 36]. 

The learning process involves training the network on labeled data. During training, each input passes forward through the 

network to produce an output, which is compared to the true label to compute a loss [37, 38]. Then backpropagation and 

gradient-based optimization adjust the weights to minimize this loss. Through many iterations (epochs) over the dataset, the 

network gradually improves [12, 26, 39-41]. This learning approach is analogous to human practice: the network “repeats” 
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